Purpose Life-space mobility refers to the spatial area in which a person moves in daily life, taking into account distance, frequency and assistance needed. The aim was to examine how changes in life-space mobility are associated with changes in quality of life (QOL) over a 2-year period. Methods Community-dwelling people aged 75-90 years (n = 848) were interviewed face-to-face in their homes and followed up annually for 2 years. QOL was assessed with the short version of the World Health Organization QOL assessment (range 0-130, higher scores indicate better QOL). Life-space mobility was assessed with the Life-Space Assessment (range 0-120, higher scores indicate better life-space mobility). Lower extremity performance was objectively measured with the Short Physical Performance Battery (SPPB). Cognitive impairment was assessed using the Mini-Mental State Examination. Chronic conditions and years of education were self-reported. Data were analyzed with generalized estimation equation models. Results The mean life-space score at baseline was 63.9 ± SD 20.6 and mean QOL score 100.3 ± 11.8. Over the follow-up, the QOL score decreased to 95.0 ± 13.8 across the total study sample. The decrease in QOL score was somewhat higher among those whose life-space mobility score declined [10 points during the follow-up compared to those whose life-space remained stable or improved, even after adjustment for age, gender, number of chronic conditions, cognitive impairment, SPPB and education. Conclusions Decline in life-space mobility is associated with decline in QOL. The results highlight the importance of ensuring continuous possibilities for out-of-home mobility in maintaining QOL among older people.
Introduction
Maintaining quality of life (QOL) as people age is an important public health goal. QOL is a multidimensional concept which reflects the total well-being of a person and has been defined as 'individuals' perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns' [1] . Known correlates of QOL in old age include, for example, cognitive functioning, health and functional abilities, and socioeconomic situation [2] [3] [4] [5] . Furthermore, satisfaction with possibilities for participation in life situations [6] is one of the key dimensions of QOL in old age [7] . Possibilities for participation are threatened in old age by progressive loss of physical and psychological capacity, particularly if supportive interventions are inadequate [8] .
The most common restrictions on participation of older people involve mobility outside the home [9] . Going outdoors is essential for the ability to continue valued activities outside the home, as well as for a sense of freedom and independence in old age [10] . It has been shown that participation restriction, whether it concerns physical activity [11] or social activities [12, 13] , and exposes older people to poor QOL. However, longitudinal knowledge is lacking on how changes in opportunities for participation in different life situations outside the home affect QOL among older people.
In the present study, life-space mobility [14] is examined as an indicator of participation. Life-space mobility refers to the spatial area (bedroom, home, outside home, neighborhood, town, distant locations) in which a person moves in daily life, taking into account distance, frequency and assistance needed [14] . By taking into account not only the frequency of movement outdoors, but also the need for assistance and the extent of the physical environment in which the individual moves, the life-space mobility offers a way to evaluate the individual's actual mobility in daily life and access to various community amenities [15] , and thus also describes the opportunities for participation in different life events outside the home. Life-space mobility correlates with lower extremity performance [16] , but is not totally dependent on the ability to walk, climb stairs or maintain balance, as other modes of transportation besides walking also contribute to life-space mobility. Decline in life-space mobility is known to lead to adverse health outcomes such as falls and fractures [17] , development of frailty [18] , institutionalization [19] , and even mortality [20, 21] . We have previously reported that larger life-space and good QOL coincide among older people, regardless of their health status [22] . However, since individuals' lifespace, as well as QOL, may fluctuate over time [15] , longitudinal studies are needed to provide knowledge on such dynamics.
Accordingly, the aim of this study was to examine how changes in life-space mobility are associated with changes in QOL over a 2-year period among 75-to 90-year-old community-dwelling people.
Methods

Study design and participants
This study forms a part of the 'Life-space mobility in old age' (LISPE) project, which is a 2-year prospective cohort study on individual and environmental determinants of lifespace mobility and QOL among community-dwelling older people in central Finland. The study design, methods and non-response analyses have been reported in detail previously [23] . A random sample of 2550 community-dwelling 75-to 90-year-old residents of the municipalities of Jyväskylä and Muurame was drawn from the national population register. They were contacted by letter and over the phone to enquire about their willingness and to assess their suitability to take part in the study. The inclusion criteria were: community-dwelling in the study area and able to communicate. A total of 848 eligible people agreed to participate and were interviewed in their homes during spring 2012. Of these, 816 participated in the 1-year follow-up and 761 participated in the 2-year follow-up. During the 2-year period, 41 participants died, 15 were admitted to institutional care, and 12 were not re-interviewed due to decline in the ability to communicate. Other reasons for attrition were moving outside the study area (n = 6), poor health (n = 5), not willing to continue (n = 6), and not reached (n = 2). The study flow is shown in Fig. 1 .
The 1-and 2-year follow-ups
Prior to the follow-up data collection, updated information on vital status, addresses, telephone numbers and date of relocation was gathered from population registers. If a person had been admitted to long-term institutional care or was no longer a resident in the study area, that person was not contacted again.
The first follow-up (FU1) was conducted by means of telephone interviews 1 year (mean 362 ± 9.3 days) after the baseline assessment. The second follow-up (FU2) was conducted by means of postal questionnaires and telephone interviews 2 years (mean 721 ± 8.0 days) after the baseline assessment. The questionnaire was mailed to the participants 2-3 weeks prior to the telephone interview and comprised items on QOL, hearing, mood and barriers to outdoor mobility. Upon return, the questionnaire was checked and missing information added during the telephone interview, which covered topics related to life-space mobility, health, functioning, autonomy, physical activity and changes in the life situation of the participants. Participants who could not be interviewed over the telephone due to hearing problems were offered a possibility to take part in a face-to-face home interview in their homes (FU1 n = 2, FU2 n = 3) or to answer all the study questions via a postal questionnaire (FU1 n = 14, FU2 n = 10).
Measurements
Quality of Life
QOL was assessed with the short version of the World Health Organization QOL (WHOQOL-BREF) [1] scale in a face-to-face interview at baseline and via a postal questionnaire at the 2-year follow-up. The WHOQOL-BREF captures individuals' perceptions in the context of their culture and value systems, and their personal goals, standards and concerns. The 26-item scale comprises four domains: physical health (7 items), psychological health (6 items), social relationships (3 items), and environment (8 items), and also includes one item on general health and one on overall QOL. A total QOL score for all the domains combined was calculated. The total score ranges from 0 to 130, higher scores indicating better QOL [1] .
Life-space mobility
Life-space mobility was assessed using the University of Alabama at Birmingham (UAB) Study of Aging LifeSpace Assessment (LSA) [14] in a face-to-face interview at baseline and in the telephone interviews at the first and second follow-ups. The LSA captures mobility based on the distance through which a person reports moving during the 4 weeks preceding the assessment. The items establish movement patterns on specific life-space area, ranging from movement within one's dwelling to movement beyond one's town. For each life-space area (bedroom, home, outside home, neighborhood, town, beyond town), participants were asked to state how many days a week (daily, 4-6 times a week, 1-3 times a week, less than once a week) they attained that area and whether they needed help from another person or from assistive devices. The calculated life-space mobility score reflects distance, frequency and independence of movement. Scoring ranges from 0 to 120, with higher scores indicating better lifespace mobility. The test-retest reliability of the Finnish version of the LSA has been found acceptable (intra-class correlation coefficient = 0.72) [24] .
Covariates
Age and gender were derived from the national registers.
Other covariate information was obtained in the face-toface interview at baseline. Self-reported years of education were used as a socioeconomic indicator [25] . [26] . Lower extremity performance was objectively assessed by the Short Physical Performance Battery (SPPB) [27] , which included assessments of standing balance, walking speed over 2.44 meters, and timed chair rises (five times). Each task was rated from 0 to 4 points and a sum score calculated (range 0-12) when at least two tests were completed. Nine participants had missing information on lower extremity performance and were excluded from the analysis. Higher scores indicate better lower extremity performance.
Statistical analyses
Characteristics of the participants were described using means and standard deviations (SD), or percentages in accordance with the categorization based on changes in life-space mobility. Differences between categories were tested with the Chi-square test or one-way analyses of variance (ANOVA). The QOL and life-space mobility scores were normally distributed. To calculate the change in the QOL score and life-space mobility score over the 2-year follow-up, paired samples t tests were used.
A decline in the life-space mobility score of [10 has been determined as a clinically meaningful change [14, 24, 28] and was used as a cutoff for life-space mobility decline in the present study. Based on the changes in their lifespace mobility over the follow-up, people were categorized as follows: 'Maintained,' the life-space mobility score remained stable or improved slightly over both follow-ups; 'Late decline,' the life-space mobility score remained stable at the first follow-up and decreased by more than 10 points at the second follow-up; 'Early decline,' the lifespace mobility score decreased [10 points at the first follow-up, but then remained stable at the second followup; and 'Constant decline,' the life-space mobility score decreased [10 points at the first and second follow-ups. A life-space mobility score was available for 806 participants at the 1-year follow-up and for 757 participants at the 2-year follow-up. Sufficient information on life-space mobility at both measurement points was available for a total of 751 participants, who were then included in the analyses.
The overall QOL index was calculated for those who had answered to at least 80 % of the items in the QOL questionnaire [1] . For three participants, baseline information in five or more QOL items was missing, and hence for these cases, a QOL score was not calculated and they were not included in the analyses. At the 2-year follow-up, information on QOL was available for 706 participants.
The association between changes in QOL and changes in life-space mobility was studied by constructing generalized estimation equation (GEE) models [29] with an unstructured working correlation matrix using change in QOL as the outcome. In case of a missing data on the outcome variable (change in QOL), multivariate imputation by the chained equations (MICE) procedure [30] in SPSS/GEE (version 20.0) was used in the GEE modeling. Data on QOL were imputed for 45 people, and thus the analyses were based on data from 751 participants. The sensitivity analyses indicated no material differences in the associations due to imputation. Those who died (n = 41) or were admitted to institutional care (n = 15) during the follow-up were not included in the analyses.
First, the GEE model was adjusted for gender and age, and then the covariates (cognitive functioning, number of chronic conditions, physical performance and years of education) were added to the model one by one until the final model included all the covariates. The group difference represents the level difference in the QOL score, and group-by-time interaction term tested represents the difference in time-related change in the QOL score between the different life-space mobility categories.
Since no gender by life-space mobility interaction was observed for QOL (p = .170), men and women were included in the same models and the models were adjusted for gender. A value of p \ .05 was taken as the level of statistical significance. Analyses were performed using IBM SPSS version 22.0 (SPSS Inc., Chicago, IL).
Results
The mean age of the participants at baseline was 80.6 (SD = 4.3), and 62 % of them were women. The mean QOL score was 100.3 (SD = 11.8) at baseline and 95.0 (SD = 13.8) at the 2-year follow-up.
Changes in life-space mobility
The mean life-space score at baseline was 63.9 (SD = 20.6). Table 1 shows changes in the life-space mobility scores at each assessment point over the 2-year follow-up period according to the categorization based on changes in life-space mobility. Over the 2 years, the mean change in the life-space mobility score was -3.8 points (SD 16.6, p \ .001), ranging from -82 to ?54 points.
The baseline characteristics of the participants according to the categorization based on changes in life-space mobility are shown in Table 2 , and the mean values of QOL at baseline and at the 2-year follow-up point are shown in Table 3 . Those with late decline in life-space mobility had statistically significantly lower MMSE scores at baseline compared to those in the other categories. No differences were found in age, gender, number of chronic conditions, years of education, lower extremity performance or the baseline QOL score (p = .236) between the participants in the different life-space mobility categories.
Changes in QOL according to changes in life-space mobility
Across the study population, the mean change in the QOL score was -6.3 points (SD = 9.6, p \ .001). The QOL score decreased in all the life-space mobility categories over the follow-up period. The average decrease in the QOL score among those whose life-space had remained stable or improved over the 2-year follow-up was -4.8 points (SD = 9.3). In the other categories of change in lifespace mobility, the mean change in the QOL score was -7.6 points (SD = 9.6) for late decline, -7.2 points (SD = 9.4) for early decline, and -7.6 points (SD = 11.1) for constant decline.
Compared to those whose life-space remained stable or improved, those with late (age and gender adjusted b = 4.13, p = .004, group 9 time p = .001) or early (b = 3.58, p = .012, group 9 time p = .006) decline were more likely to show a decline in their QOL score. For those in the constant decline category, the group difference was borderline significant (b = 6.07, p = .058), while the group 9 time interaction effect was no longer statistically significant (p = .242). Adjusting for number of chronic conditions, cognitive impairments, lower extremity performance and years of education did not materially change these results (Table 3) .
Discussion
This study shows that decline in life-space mobility is associated with decline in QOL among community-dwelling older people, even after taking into account several potential confounders. Overall, the QOL score decreased in all the life-space categories. Compared to those whose lifespace remained stable or improved, the decline in QOL was greater among those whose life-space score decreased [10 points at any time during the follow-up. These findings suggest that irrespective of an older person's physical and cognitive functioning, maintenance of life-space mobility may help to maintain a good QOL.
There may be several explanations for the association between the decline in life-space mobility and the decline in QOL. First, diminished possibilities for participation in outdoor activities and the resulting insufficient social interaction may lead to social isolation and loneliness, which, in turn, may lead to poor QOL [12, 31, 32] . Second, a reduction in time spent outdoors, and in consequence a lower level of physical activity and more sedentary behavior, may have adverse effects on health and thus a Table 1 Life-space mobility score in categories based on changes in life-space mobility score over the 2-year follow-up period (n = 751) Life-space mobility category n Baseline 1-year follow-up 2-year follow-up 2-year change Maintained: Life-space stable over the follow-up
Late decline: Life-space stable at 1-year but declined at 2-year follow-up
Early decline: Life-space declined at 1-year but stable at 2-year follow-up
Constant decline: Life-space declined at 1-and 2-year follow-ups Qual Life Res (2016) 25:1189-1197 1193 negative influence on QOL [33] . Spending time outdoors may also have a direct effect on QOL, as people, especially in the Finnish context, often like to enjoy the outdoors, which has been shown to enhance their well-being [34] [35] [36] . Third, a decline in life-space mobility may indicate difficulties in taking care of daily errands independently, which may intensify feelings of losing control over one's life. Sense of autonomy is an important component of QOL in old age and also correlates with life-space mobility [16] . Finally, reduced life-space mobility may indicate losses in the social roles stemming from reduced opportunities for productive or other valued activities, such as helping others, contributing to civil society or enjoyment of art, all of which have health benefits [37] . In this study, the categorization of life-space mobility was based on a previously determined meaningful change of [10 points in the life-space mobility score [14, 24, 28] . Based on this categorization, the majority of the study participants maintained or improved their life-space mobility during the follow-up period. The proportion of participants whose life-space mobility declined throughout the follow-up was rather low; however, the average decline in this group was almost 37 points. A 37-point decline indicates very severe activity restriction and may lead to negative health outcomes. For example, a decline of 24 points has been found to increase mortality risk [20] . For QOL, to the authors' knowledge, no consensus exists on what can be considered as a meaningful change in the QOL score. It is arguable that any change in the WHOQOL scale has face value, as it reports 'individuals' perceptions in the context of their culture and value systems, and their personal goals, standards and concerns' [1] . Consequently, especially among those whose life-space mobility declined during the follow-up, the observed decline in their QOL score was larger than it was among those who were able to maintain or improve their life-space mobility. This can be EE analyses Group 9 time interaction for time-related change in QOL score in the life-space mobility categories, adjusted for age, gender, education, number of chronic conditions, lower extremity performance and cognitive functioning Maintained: Life-space stable over the follow-up Late decline: Life-space stable at 1-year but declined at 2-year follow-up Early decline: Life-space declined at 1-year but stable at 2-year follow-up Constant decline: Life-space declined at 1-and 2-year follow-ups regarded as meaningful for the individual, and hence, we can make cautious assumptions on the causal association between life-space mobility and QOL.
Life-space mobility correlates with lower extremity performance [16] , which is also a risk factor for poor QOL [38, 39] . Thus, it seemed logical that lower extremity performance might explain the association between lifespace mobility and QOL. However, adjusting the models for lower extremity performance did not change the results. The present result is in line with earlier research, where offering community-dwelling older people with severe mobility limitations opportunities for out-of-home activity improved the physical dimension of their QOL, even if it did not improve their lower extremity performance [40] . Further research should focus on interventions aiming at the maintenance of life-space mobility.
Among the strengths of the present study are the large population-based sample, 2-year follow-up period and a focus on a topic which has not been widely studied previously. We were able to take into account changes in both the predictor and the outcome over time and investigate the changes in both. However, some limitations remain. It should be noted that over time, the meaning of the selfevaluation of QOL may change [41] . For example, as people adapt to their situation, decline in health and mobility may impact on their standards, goals and values [1] , and thus aspects of life other than health or mobility may become more important, impacting in turn on their overall ratings of QOL. However, in this study, we took of changes in life-space mobility over time, which reduces the risk of response shift as an explanation of the observed differences. However, we cannot rule out the possibility that response shift might have induced a slight underestimation of the strength of the association. In addition, QOL was assessed only at baseline and at the last follow-up, 2 years later, whereas life-space mobility was assessed annually. Consequently, we do not know precisely at what point during the follow-up the changes in QOL took place. Some of the baseline characteristics, such as number of chronic conditions or lower extremity performance, may have changed over time, and hence, we cannot rule out the possibility that these changes underlie the association between change in life-space mobility and QOL. Moreover, other factors besides those that we considered may also underlie the association. However, we should bear in mind that QOL is multidimensional, and thus, it is important to ensure that the other variables in the analyses do not conceptually overlap with the QOL dimensions. For example, we did not include depressive symptoms in the GEE models as covariates, as scales of depressive symptoms include items, such as sadness and anxiety, sleep quality and enjoyment of life that overlap with the psychological dimension of QOL.
In conclusion, the results of the present study highlight the importance of ensuring that older people have sufficient opportunities for out-of-home activities. Understanding the factors affecting out-of-home mobility and how best to promote it among older adults can help in finding ways for older people to stay engaged in the community, thereby supporting active aging.
